The concept of a long non-glacial "Olympia" interval that immediately preceded the 64
Fraser Glaciation (marine isotope stage 2, MIS2) has long been recognized in northwest North 65
America (Armstrong et al. 1965; Clague 1978) . It was first considered an interglaciation 66 (Armstrong et al. 1965 ) more or less equivalent to MIS3. Later it was changed to the more 67 general Olympia nonglacial interval by Hansen and Easterbrook (1974) and Armstrong and 68 Clague (1977) because of differing paleoclimatic interpretations between southwest and southern 69 interior British Columbia (BC) (e.g. Fulton 1971; Clague 1976; Alley et al. 1986 ) and northwest 70
Washington State (e.g. Hansen and Easterbrook 1974; Heusser 1977) . Clague (1978) reviewed 71 the paleoclimate controversy associated with this interval and concluded that the Olympia was a 72 lengthy non-glacial episode characterized by sharply fluctuating, but generally cool climate. 73
Based on palynologic evidence from southern Vancouver Island, and comparisons with records 74 in northwest Washington State, Alley (1979) reverted to Olympia Interglaciation claiming that 75 the climate during the interval was similar to present. In contrast, oxygen isotope data from a 76 speleothem sampled in Cascade Cave on southern Vancouver Island indicated to Gascoyne et al. 77 (1981) that Olympia climate was cooler than present throughout. Clague (1981) compiled 78 radiocarbon ages for BC and concluded that during the Olympia temperatures were at times 79 similar to, and at times cooler than present. In a subsequent review Clague and MacDonald 80 (1989) concluded that Olympia climate was variable but generally cooler than present. Recently 81 Cosma et al. (2008:941) referred to the interval formally as the Olympia Interstade, while 82 discussing it in terms of the Olympia non-glacial interval (Cosma et al. 2008:951) . In this paper 83 we use the term Olympia Interstade based on our new data from the most complete dated 84 terrestrial sequences of this nonglacial episode in southwest BC. 85 D r a f t 4 We report on a ~25 000-year continuous record from the last major non-glacial episode in 86 southwest BC, from sites within 300 km the southern limit of the last CIS. Using stratigraphic 87 profiles and pollen and spore analyses of four separate contemporaneous sites we reconstruct the 88 sequence of vegetation and infer climate and the character of the landscape from more than 48 89 14 C ka BP to about 26.7 14 C ka BP. We use the radiocarbon time scale for primary regional 90 correlation and description because previous key treatments, such as those of Heusser (1977) , do 91 so. Moreover, calibration of the radiocarbon timescale in the older parts of the Olympia interval 92
is not well established. We compare the reconstructed plant communities to modern vegetation 93
and, in combination with the sedimentary record, reconstruct the history of the landscape. Next 94 we compare and contrast the sequence to adjacent records within and outside the glacial limit, 95 especially those of Washington and Oregon states. We correlate Fraser Lowland events with 96 regional chronology and biome changes elsewhere in western North America. In so doing we 97 resolve the question of whether or not the Olympia was an interglacial, and define its length, and 98 start and end times. We also provide a continuous, well-dated Olympia palynostratigraphic 99 framework for correlating and interpreting other sequences. This is the highest resolution 100 sequence studied within CIS limits based on multiple sites, and complements long records of the 101 D r a f t Pojar 1991) 
Study Sites 137
The four natural exposures in this study occur near the northwest boundary of the Fraser 138
Lowland, at the south edge of the Coast Mountains, approximately 300 km north of the southern 139 limit of the last CIS ( The lower reaches of Lynn and Seymour valleys have dissected valley-fills up to 100 m 146 thick, most of which was deposited during the Fraser Glaciation. The sediment fill in Lynn 147 valley has not been thoroughly described. However, in adjacent Seymour valley it includes 148 glaciofluvial and glaciolacustrine sediments, and till, associated with two ice advances which 149 occurred during the Coquitlam and Vashon stades, the latter representing the maximum of the 150 Fraser Glaciation. Ice advance units are separated by thin organic sediments deposited during the 151 Port Moody Interstade Hickin 1993, 1996 Identifications were made at 400x magnification and 1000x under oil immersion for critical 182 determinations. Where possible 300 grains or more were counted including Cyperaceae in the 183 sum. Data were compiled, percentages calculated and diagrams plotted using PSIMPOL software 184 which included stratigraphically constrained cluster analysis (CONISS) (Bennett 2002) . 
Seymour Valley 215
The Seymour Valley (SV) section occupies an active cut bank on the west side of 216 Seymour River (Fig. 1) (Lian and Hickin (1993) . About 5 m thick, the section consists generally 217 of three upward-fining sequences, each consisting of up to 1 m of moderately-sorted and 218 moderately to well-rounded pebble gravel and sand at the base, overlain by horizontally bedded 219 silt, sand, and fine gravel (Fig. 4) . The silt and sand beds commonly contain disseminated 220 organics. Compressed woody peat occurs between coarse units. Bulk peat from near the base of 221 the sequence yielded an age of 41.1 14 C ka BP, and wood from compressed peat near the centre 222 of the section produced an age of 37.1 14 C ka BP ( Fig. 4 ; 
Lynn Valley east (LE) 289
The LE sequence is divided into six assemblage zones ( Picea-Cyperaceae, ~36 to 27.5 14 C ka BP) has co-dominants Tsuga mertensiana and Picea, 295 interrupted by a strong Pinus peak (45%) late in the zone. Cyperaceae (~10-40%) and Poaceae 296 (~10-20%) occur abundantly with a notable admixture of Gentiana pollen (~1-5%). 297
In zone LE-3 (Tsuga mertensiana-Picea-Polypodiaceae-Lycopodium, 27.5-27.1 14 C ka 298 BP) the AP component strengthens compared to that in zone LE-2 to more than 50% at the cost 299 of Poaceae and Cyperaceae. Polypodiaceae spores occur abundantly (up to 50%) and 300
Lycopodium values exceed ~10%. 301
In zone LE-4 (Picea-Poaceae-Cyperaceae-T. mertensiana: ~27.1 to 26.5
C ka BP) 302
Picea pollen (20-30%) dominates slightly, and Cyperaceae (15-25%) and Poaceae (10-25%) 303 pollen are abundant. T. mertensiana persists, decreasing from the preceding zone, whereas 304
Polypodiaceae spores occur infrequently. In the two-sample zone LE-5 (Cyperaceae-Poaceae, 305 <26.5 14 C ka BP) the first sample is dominated by Cyperaceae whereas the second sample is 306 dominated by Poaceae. The relatively small AP pollen signal consists mostly of Picea. The 307 single sample in zone LE-6 shows a sharp increase in Poaceae at the expense of all other types. 308 309
Seymour Valley (SV) 310
In this sequence of highly mixed lithology and irregularly spaced samples, only three 311 zones are recognized (Fig. 7) . Zone boundary dates assume that gravel units were deposited in 312 relatively short intervals compared to silts and organic beds during which sedimentation was 313 assumed to be relatively constant. 314 The sparse basal sample of zone PM-1 (Alnus-Poaceae: age unknown) is dominated 327 (>50%) by Alnus crispa type pollen with Poaceae ~15% (Fig. 8) . Conifer pollen is almost absent 328 in the mid portion (zone PM-2) (>31 14 C ka BP) and Cyperaceae (10-35%) pollen dominates, 329
with Picea and Poaceae (5-20%) as secondary types. A diversity of infrequent but consistent 330 herbaceous meadow types is noteworthy including: Artemisia, Apiaceae, Sanguisorba and 331
Polygonum. The upper portion of the sequence (zone PM-3, ~31 14 C ka BP and younger) has 332
Picea pollen reaching >40% with T. mertensiana as a secondary conifer. The NAP portion is 333 dominated by grasses and fern spores and includes numerous Asteraceae and Sanguisorba in the 334 top-most sample. upper portion where there is better chronologic control and more resolution in pollen zones (Fig.  341 2). The correlations are: zones LW-1 and LW-2 have no equivalents in LE; zones LW-3 and LE-342 1 are more or less equivalent; zone LW-4 encompasses zones LE-2, -3, and -4; zones LW-5, and 343 -6 include zone LE-5 and extend beyond it in time. 344
The non-arboreal pollen assemblage at the base of the LW sequence (zone LW-1) reveals 345 a tundra or tundra-steppe landscape before 48 14 C ka BP. Climate was certainly cold, but whether 346 it was moist or dry is uncertain in part because of the abundance of Cyperaceae pollen -an 347 indicator of edaphically moist sites. of events with other terrestrial sites in the region, and with off-shore marine sequences, which 415 can help us understand changes in the broad pattern of vegetation and climate. In particular our 416 records allow a look at the similarities and differences between CIS proximal (inland) and distal 417 sites during a complete glacial -nonglacial -glacial cycle (Fig. 9) . These comparisons, placed in 418 the context of environmental changes outside the region, help discern whether or not the events 419 in the Fraser Lowland were driven by local factors such as proximity to mountain ice, or by 420 much broader hemispheric changes as reflected in wide-ranging vegetation variation and changes 421 in climatic proxies such as oxygen isotope ratios (i.e. Stuiver and Grootes 2000; Jimenez-422
Moreno et al. 2010). These analyses help clarify the climatic conditions of the Olympia 423
Interstade and define, on land, its bounding ages in comparison to marine and ice core sequences. 424
They also establish a palynostratigraphic framework for future comparisons and dating. 425
426

Comparison to pollen records beyond the CIS limit 427
Our sequence exhibits similarities to, and major differences from, sequences in the region 428 (Figs. 1, 9 Table 1 we have calibrated 526 our radiocarbon ages using Oxcal 4.2 and the IntCal 13 data set; the ages given in the text are the 527 median values (see also Fig. 9 for correspondence of 14 C ages to cal ka BP ages). Beginning 528 likely before 45 14 C ka BP, the record reveals a glacial/non-glacial/glacial sequence apparently 529 spanning the full interval described in our study. Glacial climates are inferred to have occurred 530 before 49 14 C ka BP ending much later than inferred from our terrestrial records in the Fraser 531 14 C ka BP (Table 1) . Even considering the issues with dating, this change-535 over seems to have occurred much later than the >48 14 C ka BP suggested by our terrestrial 536 record. One possibility is that in general the climate was cool enough to maintain major glaciers 537 in today's Strait of Georgia area and hence the glacial influence detected at the site of core 538 MD02-2496, while forest or parkland was widespread on uplands. Pollen Zone LE-1 >45 to ~39 539 37,400 ± 1200 27,106 ± 266 (Wk-20076) 44,956 ± 2200 (Wk-19195) 27,950 ± 120 27,750 ± 180 32,400 ± 210
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